learned the techniques of AFM in my first week, and began imaging Bacillus anthracis spores for microbial forensics. The goal of this project was to understand the affects of formulation on the spore coat protein structure. In addition to imaging bacterial spores, I also developed procedures for imaging live Bacillus anthracis cells in liquid. This work shows promise as a method to understand how biological countermeasures work, and aid in the development of new countermeasures in the case of a biological attack. The experience was a highly positive one, as my supervisors gave me considerable amounts of freedom to work on my project independently. They were always around to discuss results and procedures, but never dictated what work was to be done. The lab is a small one, which was nice because it was extremely easy to get instrument time which allowed me to be very productive during the internship. I would recommend this lab as a great internship opportunity for future DHS scholars and fellows. A synopsis of the work completed is given in the remainder of this section.
Project Abstract:
The visualization of biological molecules and assemblies can provide enormous insight into protein structure-function relationships, as well as practical applications to fields such as microbial forensics. Atomic force microscopy (AFM) is a powerful tool for imaging soft biomaterials such as cells, spores, and proteins with nanometer resolution.
The goal of this work is to understand pathogen architecture and its application to microbial forensics and medicine. Initial work has focused on imaging Bacillus species; both live cells and dormant spores. Experiments have shown AFM capable of visualizing the fine structures of cell wall peptidoglycan and spore coat proteins. Work completed thus far indicates that AFM will be able to resolve some persistent questions in microbiology concerning structure-function relationships at cell surfaces, as well as assist in understanding the formulation and processing of spores used for bio-terrorism.
In addition to imaging results, we have developed a robust method for the attachment of cells to surfaces for imaging in liquid.
Introduction:
In tapping mode AFM (TM-AFM) (Figure 1 ), the cantilever is oscillated at its resonance frequency, such that the tip moves in and out of contact with the sample (tapping), as the piezoelectric scanner moves the sample in the X and Y directions.
During imaging, a feedback loop maintains constant cantilever oscillation amplitude which is measured by the photodetector. Changes in amplitude trigger the feedback loop to adjust the height (Z) of the piezoelectric scanner as to maintain the constant amplitude. TM-AFM gives high resolution images of soft samples which are difficult to attach to a surface, without destroying their fine structures. Additionally, the cells are no longer alive when dried, and changes in surface morphology due to antibiotics can not be seen. When imaging any sample in liquid, attachment of the sample to the substrate is extremely important. If the sample is only loosely held by the surface, the forces associated with scanning the AFM tip will cause the sample to become dislodged. When a cell detaches from the surface, it can no longer be imaged, and it floats away. Since this is the case, we have developed a robust method for chemically attaching cells to surfaces with the help of Dr. Jane
Bearinger.
Methods Developed:
The covalent attachment method using carboxylic acid (COOH) groups on the surface of gram positive and gram negative cells, a chemical cross-linker, and an amine figure 4 . In addition to these spore studies, I did some work on another project that has been classified.
Section 2: Discuss your achievements during the internship including contributions to publications, presentations and accomplishment of project milestones.
In the 10 week period, I was able to contribute significantly to two projects, both having to do with the imaging of live bacterial cells using AFM. After attending a number of seminars concerning the development of radiological, nuclear, chemical and biological detection systems I think it would be useful for the DHS to establish an internship for students to spend their time at some of the military testing grounds for these new technologies. It is very easy for people in the lab to come up with a concept and to make it work in the laboratory setting, however making that platform function in the real world is more difficult. I believe that if scientists and engineers had a practical understanding of what sort of conditions DHS needs these detectors to operate under, than the designs will be better which could bring technologies to the firstresponders faster. It might also be enough to do a 1 week trip for students in the summer to one of these testing facilities, as a part of their 10 week commitment.
Another area of study that might also be useful to the DHS is in science policy. I know that there are a significant number of students who are interested in getting an understanding of how science policy is made. It might be a good addition to the summer program to offer the opportunity to do an internship with a congressman or governmental agency where students could see if this area is of interest to them. I know that there are lots of summer internships in Washington DC not associate with DHS now. This might be relatively simple thing to do because if a congressman/woman did not have to pay that student then they might be interested in having the help.
Addendum:
Thanks for a great opportunity. I have also attached a .pdf version of the poster that I gave at the Lawrence Livermore National Laboratory Poster Symposium~ Haley Hill
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